Sexual receptivity to males resulted from stimulation of the vagina with a glass rod in previously unreceptive ovariectomized, estrogen-treated rats. Several minutes of rejection behavior preceded the receptivity. In a second study, manual palpation was used to determine the duration of the lordosis response facilitation. Initially, all females were unresponsive to manual flank-perineum stimulation (palpation). Vaginal stimulation plus palpation, which together elicit lordosia, facilitated subsequent lordosis responses to palpation. This effect persisted for several hours after the vaginal stimulation was applied. Vaginal stimulation alone, which was ineffective in eliciting lordosis, also facilitated lordosis in response to subsequent palpation. Repeated palpation did not facilitate lordosis. These prolonged effects were independent of hormone treatment.
Artificial genital tract stimulation (probing the vaginal cervix with a glass rod) strongly facilitates lordosis in response to manual stimulation of the flanks and perineum . In that study, there was a suggestion that the effects of genital tract stimulation outlasted the actual application of the stimulus, because palpation of the flanks and perineum induced lordosis several minutes after, but not before, genital tract stimulation.
In the present study, we attempted to determine: (a) whether genital tract stimulation with a glass rod could make unreceptive female rats receptive to mating attempts by males, (b) how long after the cessation of this genital tract stimulation the lordosispotentiating effect persists, and (c) the stimulus factors involved in the persistent facilitation of lordosis responding.
EXPEKIMENT 1
Method
Subjects. Forty-six Sprague-Dawley (Charles River Co., North Wilmington, Massachusetts) female rats (200-250 gm.) were used. Animals were individually housed and maintained on a reverse day/night cycle (dark: 10:00-20:00) and provided with food and water ad lib.
Procedure. One week after bilateral ovariectomy, all animals were injected with estradiol benzoate (EB) dissolved in sesame oil (5 Mg/kg; sc) for 2 consecutive days. This injection procedure had been determined to be subthreshold for inducing sexual receptivity in most females in preliminary observations. Mating tests were con-ducted during the animals' dark period on the day after the second EB injection and consisted of placing the female in a circular Plexiglas cage (22 in. diameter X 16 in. high; 55.9 X 40.9 cm.) housing a sexually vigorous male. After five mounts, each unreceptive female was removed and given one of two treatments. For animals in the experimental group, lordosis was elicited twice by probing the vaginal cervix with a glass rod (plunger from a 1-cc syringe) while simultaneously palpating the flanks and perineum . Animals in the control group were just picked up and held for an equivalent amount of time. Immediately following the treatment, each female was reintroduced to a male and received five more mounts. Animals were retested with the male 2 hr after treatment. These mating tests typically lasted 10-15 min. Two observers recorded lordosis and aggressive and rejection behavior patterns of the females in response to the males.
Results
The results are summarized in Table 1 . Of 18 initially unreceptive females, eight became sexually receptive to the male in the first test after induction of lordosis by the combined stimulus of cervical probing and palpation. Only one of the 18 controls showed lordosis in this test (Fisher's exact probability = .009; Siegel, 1956) . Rejection of male mounting attempts occurred in 11 of 18 females immediately after vaginal stimulation. Only one of the controls showed rejection behavior (Fisher's exact probability = .0004). In showing rejection, the females kicked with their hind legs, rolled onto their backs, and refused to let the male mount. Rejection lasted approximately 5 min. Four of the females that showed rejection subsequently became receptive. The other four females in which receptivity was induced by vaginal stimulation did not show prior rejection behavior. Rejection was not shown in the one control female that became receptive.
On the 2-hr retest, six of the eight females that showed the induction of receptivity in the experimental treatment continued to mate. In addition, four experimental females that had not been facilitated initially also became receptive at this time. However, five control animals also showed lordosis during the 2-hr retest. In contrast to the first test, no female in either group rejected the male on the 2-hr retest.
EXPERIMENT 2
In Experiment 1, we demonstrated that vaginal stimulation (cervical probing) applied with palpation of the flanks and perineum induced previously unreceptive female rats to show lordosis in response to mounting by males. In Experiment 2, we determined the duration of the facilitating effect of cervical probing on lordosis. In order to time the tests carefully, we used manual stimulation instead of males to elicit lordosis. In order to demonstrate a facilitatory effect of cervical probing on lordosis, we used a stimulus pattern (palpation of the flanks and perineum) that was ineffective in yielding lordosis in the absence of cervical probing. We then applied cervical probing. Then, in order to test whether lordosis had been facilitated, we retested the females at selected intervals using the previously ineffective stimulus alone (palpation of the flanks and perineum). We selected an estrogen-priming schedule that was subthreshold for enabling lordosis Note. Abbreviations: L = lordosis; LQ = lordosis quality; R = rejection.
• Five additional rats in each group showed lordosis and therefore were excluded from further study. * p = .0089, Fisher's exact probability test. ** p = .0004, Fisher's exact probability test.
to occur in response to palpation of the flanks and perineum alone. This required a lower estrogen dosage than that of Experiment 1, in which lordosis in response to mounting by males was the criterion.
In Experiment 1, cervical probing was applied together with flank-perineum palpation, so the females showed lordosis in response to this stimulus. It was thus not possible to conclude whether the cervical probing itself enabled the previously ineffective stimulus (male mounting) to induce lordosis subsequently or whether the single performance of lordosis itself enabled the male mounting to induce lordosis subsequently. In Experiment 2, we therefore determined whether the following stimulus conditions enabled the previously ineffective stimulus (flank-perineum palpation) to induce lordosis: (a) cervical probing alone (this stimulus by itself was ineffective in inducing lordosis), (b) cervical probing applied in conjunction with flank-perineum palpation (this stimulus induced lordosis), and (c) flank-perineum palpation alone (this control stimulus alone was ineffective in inducing lordosis). In order to determine whether a facilitatory effect of cervical stimulation could be obtained in hormonally untreated females, each of these three groups was divided, so that about half received estrogen priming and the other half received only the vehicle.
Method
Subjects. Eighty-five Sprague-Dawley (Charles River Co., North Wilmington, Massachusetts) female rats (250-300 gm.) were used. Animals were individually housed and maintained on a reverse day/night cycle (dark: 10:00-20:00) and provided with food and water ad lib. All animals were ovariectomized bilaterally. On days 14 and 21 after ovariectomy, about half the animals received an injection of EB dissolved in sesame oil (1/ig/kg; so) and about half received only vehicle injections of equivalent volumes. Tests were conducted 2 days after the second injection during the animals' dark period, between 11:00 and 17:00. The selected EB schedule enabled lordosis to be elicited by palpation of the flanks and perineum during the pretest in only 14 of 48 females. These 14 were eliminated from further study. One additional oiltreated female showed lordosis during the pretest and was eliminated from further study.
EUcitation of lordosis. Tests for lordosis responding (pretest and posttest palpation, i.e., without cervical probing) consisted of the following: Females were scratched lightly with the hand on the dorsal lumbosacral area (fingers pointed toward the tail). A rapid repetitive motion was used (three short bursts about 1 sec in duration and about 1 sec apart). Immediately thereafter, pressure was applied to the lumbosacral and perineal areas. In response to this pressure, sexually unreeeptive females struggle or passively conform to the hand. In contrast, sexually receptive females actively assume a lordosis posture by suddenly depressing the back and elevating their heads and rumps. (A more detailed description of the hand orientation is as follows: The forefinger and middle finger were placed straddling the tail base, and curled under the rat, thus compressing the perineal and lower abdominal areas toward the heel of the hand and pushing down with the heel of the hand while lifting the rump with the fingers, keeping the rat's feet on the table surface). The entire procedure was repeated three times for each animal immediately before and after treatment with the experimental stimulus.
Experimental design. Each animal in the oil and estrogen groups received one of the following three experimental stimulus treatments: (a) the vaginal cervix was probed for about 2 sec with a glass rod (plunger of a 1-cc syringe) in addition to palpating the flanks and perineum simultaneously ; group designation: probe-palpate); (b) the vaginal cervix was probed for about 2 sec without applying flank and perineum palpation (the rat was held by the tail near the base while the cervix was probed; group designation: probe-only); and (c) the flanks and perineum were palpated without stimulation of the vaginal cervix (group designation: palpate-only). All females were retested with flank-perineum palpation at 10 sec, 30 min, and 1, 2, 3, 4, and 5 hr after this experimental treatment. On the pretest and retests, the female did not receive any cervical probing. Thus, the only time cervical probing was applied (if at all) during the entire procedure was during the single application of the experimental manipulation prior to the 5 hr of retest.
Observations. The individual performing the test palpations rated the females' responses according to the following 5-point intensity scale: (1) no lordosis; (2) no lordosis, but tensing of the muscles of the body wall; (3) definite but weak lordosis or lordosis that could not be elicited reliably on a particular retest trial; (4) good lordosis; and (5) Retests (hr. after treatment) FIGURE 1. Induction and persistence of lordosis responsiveness after vaginal stimulation in ovariectomized rats. (Stimulation applied at treatment: Pa = palpating flanks and perineum; Pr = probing vaginal cervix with a glass rod; Pr + Pa = simultaneous probing and palpating. Only Pa was used during pretest, test, and retests. E = estradiol benzoate, 1 Mg/kg at nine and two days prior to testing; O = oil-treated controls. Group n is indicated next to each group's symbol.) analysis showed no lordosis in response to the initial pretest palpation.
Experimental treatment. Eighty-five percent of the oil-treated and 100 % of the estrogen-treated females showed lordosis during the single experimental treatment when probing and palpation were applied together. Only one (oil-treated, probed) female in the remaining groups showed lordosis during this experimental treatment.
First retest. When retested the first time (i.e., within 10 sec after the experimental treatment), with palpation alone, 48 % of the estrogen-treated probe-palpated group and 45% of the estrogen-treated probe-only group displayed lordosis. Twenty-five percent of the oil-treated probe-palpated group and 34 % of the oil-treated probe-only group also displayed lordosis. Only one estrogentreated female in the palpate-only groups exhibited lordosis. Combining the groups in this first retest, 38 % of the 50 females that previously received cervical probing exhibited lordosis, whereas only 5 % of the 20 females not having received cervical probing showed lordosis (Fisher's exact probability = .004).
Subsequent retests. In the retests of the oiltreated groups, the proportion of females showing lordosis was always significantly greater than the palpate-only controls, reaching a high of 62.5% (mean of both probed groups) at 2 hr. Then it declined gradually and was still 33 % at 5 hr (Fisher's exact ps between .004 and .0005).
In the combined estrogen-treated probed groups, 42.3 % of the females showed lordosis in the 30-min retest (Fisher's exact p = .02). On the other retests, there was no significant facilitation of lordosis in these estrogentreated females. (At 10 sec, although 46.1% of these females showed lordosis, the difference from the estrogen-treated controls was not significant (Fisher's exact p = .09) because one of the controls showed lordosis.)
Using a different measure (lordosis-quality scores), Kruskal-Wallis analyses of variance revealed significant differences among groups, each retest being analyzed separately (H values between 218.5 and 228.9, p < .001). Individual comparisons between groups, taken two at a time at each retest, by one-tailed Mann-Whitney U tests corrected for ties, showed that, on the 10-sec and 30-min retests, the intensity of lordosis was greater in those groups that had received cervical probing than those that had received palpation alone (p < .03 and p < .05, respectively). The lordosis-intensity scores in each of the oil-treated probed groups remained significantly higher than the estrogen-treated palpation controls on all retests (17 values between 24 and 66, ps between .02 and .00003) except at 1 hr (p < .06). The lordosis-intensity ratings of the estrogen-treated probe-only females were higher than those of the estrogen-treated controls in the 10-sec, 30-min., and 1-hr retests (U values between 12 and 23.5, ps between .00003 and .02).
DISCUSSION

Lordosis Facilitation by Vaginal Stimulation
After, but not before, the vaginal cervix was probed with a glass rod, lordosis was shown by the female rats in response to mounting by males (Experiment 1) and manual flank-perineum palpation (Experiment 2). The lordosis-facilitating effect of cervical probing persisted for several hours, at least under the conditions of Experiment 2. In response to mounting by males, 10 out of 18 females were receptive 2 hr after the cervical probing. However, repeated testing probably contributed to this effect, for 5 out of 18 of the controls began showing receptivity on the 2-hr test. Stronger evidence for a persistent effect was provided in Experiment 2, using manual stimulation, for of the 50 females that received cervical probing, 38% still showed lordosis 2 hr after the application of the stimulus and 22 % showed lordosis at 4 hr. Of the 20 control females receiving just the repeated palpation without cervical probing, only one rat showed lordosis at 2 hr and none at 4 hr.
Cervical probing alone elicited lordosis in only one of 23 females. However, when these females were tested for the lordosis response to flank-perineum palpation alone within 10 sec after the probing, 39.1 % showed lordosis; about 2 hr after the probing, 39.1% were still showing lordosis. None of the females had shown lordosis in response to flankperineum palpation alone prior to cervical probing. Thus, cervical probing alone can make the females responsive to flank-perineum palpation alone, even though the females did not show lordosis when the cervical stimulation alone was applied. Furthermore, estrogen treatment was not necessary for this effect, because of 12 ovariectomized, oiltreated, probed-only females tested at 10 sec, 2 hr, and 4 hr, 33.3%, 50%, and 33.3%, respectively, showed lordosis to flank-perineum palpation alone.
Possible Mediating Influences
Although release of adrenal hormones by ACTH can facilitate lordosis in the absence of the ovaries (Feder & Ruf, 1969) , it is unlikely that adrenal progestin release could account for the early facilitation seen in the present experiment. Even 30 min after intravenous injection of progesterone, there is not yet a facilitation of lordosis responding (Meyerson, 1972) . Repeated testing facilitates lordosis responding (Clemens et al. 1969; Hardy & DeBold, 1973) , and this may be due in part to release of adrenal hormones (Larsson, Feder & Komisaruk, 1974) . However, even if adrenal hormones were released by cervical probing, this could not account for the persistent facilitatory effect of cervical probing. First, lordosis was facilitated in ovariectomized, oil-treated rats in the present experiment, but progesterone administration to ovariectomized rats that were untreated with estrogen was not effective in facilitating lordosis in response to manual flank-perineum palpation (Diakow, Pfaff, & Komisaruk, 1973) . Second, if adrenal progestins were released as a result of cervical probing, the estrogen-treated rats might be expected to show a higher incidence and/or longer persistence of lordosis than the oil-treated controls, yet they did not. Indeed, the estrogen-treated rats showed a shorter persistence of lordosis responding than did the oil-treated controls.
On the basis of preliminary findings, pituitary hormones and nonspecific arousal do not seem to be essential for the lordosisfacilitating effect of cervical probing. Administration of oxytocin (dose range: 100 mU-4.5 U) did not facilitate lordosis in response to flank-perineum palpation, and in hypophysectomized, hormonally untreated rats, cervical probing exerted long-term facilitatory effects on lordosis in response to flank-perineum palpation. Electrical stimu-lation of the flanks did not facilitate lordosis in response to subsequent mounting by males or manual flank-perineum palpation (Rodriguez-Sierra, Crowley, & Komisaruk, unpublished observation).
Limbic and hypothalamic regions, which have been implicated in the control of sexual behavior on the basis of lesions and of direct implantation of hormones or neuropharmacological agents (cf. Davidson & Levine, 1972; Lisk, 1967; Zemlan, Ward, Crowley, & Margules, 1973) or of hormone uptake (McEwen & Pfaff, 1973) , showed changes in neural activity in response to stimulation of the vaginal cervix (cf. Beyer & Sawyer, 1969; Komisaruk, 1971) . Blake and Sawyer (1972) have shown that vaginal stimulation induced neuronal activation in the preoptic area and median eminence, which persisted for more than 2 hr, similar to the duration of lordosis facilitation observed in the present experiment following vaginal stimulation. Furthermore, they showed that plasma levels of luteinizing hormone were increased during this time. Moss and McCann (1973) and Pfaff (1973) have shown that luteinizinghormone-releasing factor (LRF) injected systemically facilitated lordosis in response to mounting by males. Thus, the persistent facilitation of lordosis, which we observed in the present study, could be mediated by a release of LRF which is induced by vaginal stimulation.
Vaginal stimulation has been shown to facilitate or inhibit female mating behavior. These effects outlast the application of the stimulus. Whether facilitation or inhibition occurs probably depends upon the intensity or the pattern of stimulation, or the latency and duration of each effect of the stimulation. Receptivity is enhanced by mounts without intromissions or when a female is allowed to receive only one intromission (Hardy & DeBold, 1973) . On the other hand, receptivity in female rats is reduced by excessive vaginal stimulation resulting from multiple intromissions (Hardy & DeBold, 1972) . In the present study, vaginal stimulation elicited both lordosis and rejection behavior. Perhaps vaginal stimulation has an aversive quality (Bermant & Westbrook, 1966; Peirce & Nuttall, 1961 ) that may prevent receptivity. As this subsides, receptivity may then appear. Apparent discrepancies in the literature could be due to the particular balance of facilitatory and inhibitory effects of the stimulation used. Likewise, in our study, we could obtain one or the other, or both, effects.
Functional Significance of Vaginal Stimulation
Perhaps the significance of facilitation (Beach, 1948; Clemens et al., 1969; Hardy & DeBold, 1973; Koster, 1943; Larsson et al., 1974 ; and the present study) as well as inhibition of receptivity (Blandau, Boling & Young, 1941; Carter & Schein, 1971 , for hamsters; Goldfoot & Goy, 1970; Hardy & DeBold, 1972 , for guinea pigs) by mating stimuli can be accounted for as follows: Facilitation of receptivity may increase the likelihood of successful pregnancy, since Adler (1969) has demonstrated in the rat that multiple intromissions prior to ejaculation are necessary for pregnancy. The present findings suggest that vaginal stimulation may increase receptivity and thereby facilitate successful pregnancy. On the other hand, the inhibition of receptivity by mating stimuli (Blandau et al., 1941; Carter & Schein, 1971; Goldfoot & Goy, 1970; Hardy & DeBold, 1972) , may, at least in the rat, prevent disruption of pregnancy by subsequent mating (Adler & Zoloth, 1971) . Thus, both effects of vaginal stimulation may have adaptive significance, and any particular effect may be the result of a particular pattern of vaginal stimulation.
